Two [O 15] PET studies assessed sex di¡erences regional brain activation in the recognition of emotional stimuli. Study I revealed that the recognition of emotion in visual faces resulted in bilateral frontal activation in women, and unilateral right-sided activation in men. In study II, the complexity of the emotional face task was increased through tje addition of associated auditory emotional stimuli. Men again showed unilateral frontal activation, in this case to the left; whereas women did not show bilateral frontal activation, but showed greater limbic activity. These results suggest that when processing broader cross-modal emotional stimuli, men engage more in associative cofnitive strategies while women draw more on primary emotional references. NeuroReport15:219^223
INTRODUCTION
Previous research has revealed that women have greater skill in identifying facial expressions of emotion, show stronger evoked potential responses to emotionally charged faces [1, 2] and tend to rate their emotional reactions as more intense than men [3] . Moreover, research has suggested that sex differences in the reaction to face stimuli may be greatest when the intensity of the emotions portrayed is maximal [4] . Some studies [4, 5] have generated maximal stimuli by exaggerating the features of standard face emotion stimuli. However, this approach can result in stimuli that appear unnatural, such that they fail to convey an increased emotional signal [4] . Alternately, highly salient stimuli may be derived from paired visual and auditory elements that are emotionally congruent. It has been observed that emotion recognition is facilitated by the availability of cross-modal cues [6] , and that emotionally congruous cross-modal stimuli produce enhanced evoked responses, relative to incongruous stimuli [6] . Furthermore, functional imaging research has identified that in conjunction with perceptual gains, multimodal stimuli produce an amplification of neural responses within participating unimodal regions [7] . In addition, recent ERP data suggests that emotional stimuli are tagged early during the stage of sensory stimulus encoding [8] . It may be suggested, therefore, that the investigation of sex differences in the processing of emotion would be facilitated through the use of highly salient cross-modal stimuli.
Sex differences in the activation patterns associated with the processing of facial emotion have been identified in a recent fMRI study focusing on the amygdala [9] . This study revealed that the presentation of happy and fearful faces resulted in greater bilateral amygdala activation in women, as compared to men. This pattern of less lateralized activation in women during emotion processing has also been identified by Kesler-West and associates [10] , who found greater left hemispheric activation in men, but not women, with the presentation of sad faces. In another study reflecting this difference, PET data revealed that women engage the inferior frontal cortices bilaterally during the recognition of happy and sad facial emotions [11] . However, the results of a similarly constructed PET study involving men has identified unilateral right inferior frontal activation during the processing of emotional faces [12] . Thus, facial emotion processing may be represented more bilaterally in women than men at both cortical and subcortical levels, but these findings need confirmation using the same experimental protocol to study the whole brain in both sexes. The purpose of the present study relates to the nature of the psychological processes revealed by the sexually dimorphic pattern of functional activation observed during facial emotion recognition. To address this question, we first examined facial emotion processing in men and women and then extended this work by examining the effect of increased emotional processing demands which were produced through the addition of an affective auditory component to the visual recognition task. We predicted that with only the visual input of faces, men would demonstrate more lateralized, focal functional activation patterns than women, and that with increases in the complexity of the emotion task, there would be an amplification of neural responses to stimuli which would serve to accentuate differences in activation patterns between the sexes. Furthermore, additional polysensory regions may be called upon to synchronize the cross-modal signals [7] , further reflecting sex-differences in recruitment patterns.
We used 15 O-labeled water and PET to measure changes in regional cerebral blood flow in two separate studies with neurologically normal volunteers. In the first experiment, eight men (mean age 22.2 years) and eight women (mean age 21.8 years) performed a series of trials of three visual tasks: face detection, identity matching and emotion matching. The face detection task required that subjects indicate the occurrence of a face in one of two choice locations, left or right. The incorrect choice location was occupied by an oval nonsense pattern. The identity matching task required that subjects examine two choice locations (top left and right) and select the face that matched the identity of a third sample location (bottom center) in the visual stimulus. The photographs used in the identity task were of neutrally expressive faces photographed in full face or in a left or right orientation at various angles toward profile. In the emotion-matching task subjects selected from two choice locations the face depicting the same emotion as that shown in a third sample location. The photographs were selected from standard batteries of facial affect [13, 14] , and the emotions depicted were happiness, sadness, anger, fear, surprise and disgust. Subjects were instructed to match according to emotional content and the individual emotions were never labeled by the experimenter.
In the second experiment, eight men (mean age 23.5 years) and eight women (mean age 22.7 years) performed two cross-modal tasks: gender matching and emotion matching. In the gender matching task subjects were required to match the gender shown in one of two face images with the gender of a neutrally prosodic male or female voice. In the emotion matching task, subjects were required to choose which of two faces portrayed the same emotion as that heard in a prosodic voice. Both tasks made use of the same emotional face stimuli. Four emotions were used in the cross-modal emotion task: happiness, surprise, sadness and anger. These emotions were selected because they vary (orthogonally) along the dimensions of intensity and valence [15] . We selected a visual/auditory cross-modal task because the processing demands of such a task lead to response amplification in those regions activated under common unimodal processing demands [7, 16] .
MATERIALS AND METHODS
PET scan acquisitions: Thirty-two subjects participated in the study that had been approved by the Research Advisory Group (Ethics Board) of McMaster University. Informed consent was obtained from all subjects. Regional cerebral blood flow was measured following the intravenous injection of B475 MBq H 2 15 O in B2 ml saline and using an ECAT 953 PET camera (CTI PET Systems, Tennessee) operated in Three Dimensional mode.
Experimental design: In Study I, a series of nine consecutive measurements of regional cerebral blood flow were obtained in each of the subjects. There were three block presentations of the three visual tasks. Task presentation was block randomized across participants. Each task involved the presentation of 36 matching trials and lasted 3 min. Each trial consisted of the presentation of a fixation point for 0.5 s, the stimulus presentation for 4 s and a 0.5 s interval in which the screen remained blank. Responses to the stimuli were made using two hand-held response buttons and response latency and accuracy data were collected on each trial. A new set of 36 stimuli were used in each task block, however, the individual face stimuli were repeated across blocks. Each face was masked by an oval, removing hair and other details, so as to present just the face. Each block of emotion trials was balanced for the number of stimuli presented for each emotion, the number of emotions appearing in the incorrect choice position and the number of correct answers appearing in the left or right positions. In Study II, eight consecutive measurements of cerebral blood flow were collected for each subject during the presentation of four blocks of cross-modal auditoryvisual gender recognition trials and four blocks of crossmodal emotion recognition trials. The emotion task required that subjects choose which of two faces (depicted to the right or left in a computer display) portrayed the same emotion as that heard in a voice spoken with emotional content. The gender recognition task used the same face stimuli as the emotion recognition task but asked participants to match the gender of the speaker (male or female voices spoken with neutral prosody) to the location of a male or female face (left or right). Each block of emotion recognition trials was balanced for the number of stimuli presented for each emotion, the number of male/female stimuli, the number of correct answers appearing in the left or right positions and the number of male/female faces appearing in the incorrect choice position. Similarly, the gender recognition trials were balanced for the number of male and female stimuli, the number of male/female faces appearing in the correct choice position, and the number of male/female faces in the incorrect choice position. The presentation of gender recognition and emotion recognition blocks was alternated, and the presentation order was block randomized across subjects. Based on our experience during Study I, the intertrial delay was reduced by 600 ms and the stimulus display time was shortened by 600 ms. Thus a new stimulus was presented every 3.8 s in each of the 36 trials per task block. The auditory stimuli used in this study were presented through ear phones and were constructed using recordings of actors (three male and three female) speaking the proper names John, James, Jason, Jeremy, Jeffrey and Joseph with both neutral and emotional intonations. Upon the completion of a block of trials, participants rested quietly for a period of B7-10 min until the next scan. Responses to the stimuli were made using two hand-held response buttons and response latency and accuracy data were collected on each trial. Study II was connected to our work examining emotion processing in autism [17] .
Statistical analysis: Statistical Parametric Mapping (SPM 99; Wellcome Department of Cognitive Neurology, Queen Square, London, UK) was used to prepare the images and assess significant change between the task conditions. In short, reconstructed images were realigned with reference to the first scan, transformed into standard stereotaxic space and smoothed using a Gaussian kernel of 15 mm (FWHM).
Within-group analyses were conducted using a multisubject repeated measures design with the threshold for identifying significant activation set at p ¼ 0.001 (uncorrected). Between-group comparisons of the emotion data were completed using a random-effects analysis [18] . Significant activations identified using random-effects analysis relate to areas that have been activated in much the same way in all of the participants of a group and inferences are extended to the population from which subjects have been selected.
RESULTS
Activation associated with visual emotion recognition in Study I (Fig. 1) was identified by contrasting the changes in rCBF associated with identity matching with that observed during emotion matching. The within-group results of these analyses revealed activity in the right inferior frontal gyrus in both men and women, and in women, activation of the left middle frontal and the right middle temporal gyri. Between-group comparison of the changes in regional cerebral blood flow associated with visual emotion recognition revealed differences between the left frontal activation of women and men. The between-group analysis also identified greater right amygdala and left fusiform activations for women as compared to men. Finally, the between-group results identified greater activation for men compared to women, in the right medial frontal gyrus and right superior occipital gyrus (Table 1) .
Activation associated with cross-modal emotion recognition in Study II ( Fig. 1b; Table 2 ) was identified by contrasting the changes in rCBF associated with gender matching with changes during emotion matching. Results from the within-group analyses revealed that women activated the right anterior cingulate gyrus, the left superior temporal cortex, and the occipital cortex bilaterally. The within-group results for men revealed activation of the left inferior frontal cortex, and the fusiform gyri bilaterally.
Between-group comparison revealed that cross-modal emotion matching activated the left inferior frontal gyrus and the left inferior parietal gyrus more in men than in women. In women, the between-group analysis revealed that cross-modal emotion processing was associated with greater activation of the left anterior cingulate, left thalamus, right superior temporal and right fusiform regions than in men.
Response latency and error data showed no differences in the overall performance of men and women on any of the tasks in Studies I and II (data not shown). However, with respect to sad emotional stimuli, error performance data in Study II revealed that women were more accurate than men in matching prosodic and visual stimuli (men: mean 88% correct, women: mean 95% correct; t(9) ¼ 2.31, p o 0.05).
DISCUSSION
Our results provide evidence of sex differences in the cortical and subcortical cerebral localization of function for facial emotion recognition contingent on task difficulty. Processing emotional facial expressions in the visual modality only revealed more bilateral cortical representation and greater amygdala activity in women than men [8, 12] . In addition, while processing more complex crossmodal stimuli did not accentuate this sex difference, it did lead to altered activation patterns which also distinguished between the sexes. The within-group analysis of the crossmodal data revealed activation of inferior temporal and visual cortices in men and women, respectively, suggesting that the cross-modal emotion task required greater analysis of visual facial information relative to the baseline gender recognition task. Whereas, the between group cross-modal results revealed that unilateral frontal activation in men and greater activation of the limbic system (anterior cingulate and thalamus) in women distinguished between the sexes. Thus, relative to Study I, women no longer showed bilateral frontal activation but instead greater limbic activity, whereas men continued to show unilateral frontal cortical activation, although this time to the left. This result raises the hypothesis that with increased emotion processing demands there is less cognitive modulation of the lower limbic structures in women than in men. These observations suggest new insights into the nature of emotion processing in men and women, and can be considered within the framework of recent neurobiological formulations of emotion. According to Damasio [19] and Ledoux [20] , emotions can be subdivided into primary and secondary levels. Primary emotions refer to changes in bodily state evoked by innately characterized environmental stimuli (e.g. the threat of a large animal). Secondary emotions are similar bodily changes, but which are evoked by environmental and experiential stimuli that have acquired significance through learning (conditioning). The control of primary emotions involves predominantly the limbic system including the amygdala and the anterior cingulate gyrus. The control of secondary emotions requires, however, the additional participation of the prefrontal and somatosensory cortices, brain structures that modulate the activation of the limbic system. Within this framework, the contrast between women and men in the activation of the limbic anterior cingulate and thalamic regions vs the frontal cortex, suggests that the emotional responses to salient cross-modal stimuli were more of the primary than secondary type in women than in men. As such, women appeared to treat the emotional cues in our study as unconditional innate stimuli, and in this respect women may be differentially responsive than men with regard to emotional stimuli involving visual and auditory emotions.
With regard to men, this framework suggests that their response to the emotional stimuli was more of the secondary type, and therefore more heavily impacted on Table 1 . Visual emotion recognition.The identi¢ed regions are depicted in Fig.1 and correspond to the labels in the far right column.
Brain region
Brodmann area Z score Talairach Coordinates Label in Fig.1 . Talairach coordinates refer to the local maxima within each region of activation. L and R refer to the left and right side of the brain. Signi¢cant within-group and between-group contrasts of changes in rCBF during emotion recognition versus identity recognition trials. Table 2 . Cross-modal emotional recognition.The identi¢ed regions are depicted in Fig.1 and correspond to the labels in the far right column.
Within group
Brain region Brodmann area Z score Coordinates Label in Fig.1 . by regulatory and associative processes. In particular, the inferior frontal region is thought to participate in emotion processing by constructing an integrated emotional experience from which a response may be generated [21] . From this standpoint, then, men may take a more analytic approach than women to the processing of facial emotion. The appropriateness of this framework is supported by the between-group results of Study I, in which greater amygdala activation was observed in women, and greater medial frontal activation was observed in men. The medial prefrontal region has been associated with modulation or inhibition of emotional responses [22] and greater activation of this area by men may suggest that they regulated their emotional reaction to stimuli more than women (Table 1) . This framework is also consistent with observations related to depressive illness, where it has been shown that a poor response to treatment in women, but not men, is associated with a tendency to rate facial emotions as highly negative [23] . Furthermore, women are more likely than men to engage in self-focused rumination when depressed, a coping style which is suggested to perpetuate and exacerbate the depressed state [24] . As such, the notion that women are more emotionally centred and process emotional cues at a more primary level than men may help to explain the 2:1 sex ratio in depression (women over men) [25] .

CONCLUSION
Our results demonstrated that men and women showed activation of different brain structures when processing emotional stimuli. Consistent with previous evidence, we identified a pattern of greater lateralization in males, compared to females, during visual emotion recognition. Furthermore, by drawing on research demonstrating response amplification with cross-modal processing, we examined the effect of increased emotional complexity on this sex difference in activation patterns. Recognition of emotion in cross-modal stimuli produced sex differences with men showing greater unilateral left frontal activation and women showing greater limbic activity. Increased emotion processing demands appeared to accentuate the differences in functional activation patterns that distinguish between the sexes. These findings suggest that men tend to modulate their reaction to stimuli, and engage in analysis and association, whereas women tend to draw more on primary emotional reference.
